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Report Overview

Preparedi by 8 member science panel

Summarizes scientific consensus

Uncertainty: and confidence addressed using established
dguidelines
s Based on quantitative analysis an/or expert judgment

Content: based largely: on outline provided by BRAC

NG policy’ recommendations
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Science Team

University of Utahr Department off Meteorology.

s Drs. Tim Garrett, John Horel, Thomas Reichler,
Jim Steenburgh

University of Utah Department off Biology:
s Dr: David Bowling

Utahi Climate Center/Utah State University
= Dr. Robert Gillies

Brigham Yeung University: Department of;
Electrical Engineering

= Dr. David Long

USDA/Utah Snhow: Survey
= Randy Julander
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Uncertainty Scale

Virtually: certain

Very: likely

Likely:

About as likely as not:
Unlikely

Very unlikely
Exceptionally: tunlikely

> 900% probability,
> 90%

> 66%

33-66%

< 33%

< 10%

< 1%

Confidence Scale

Very high confidence
High confidence
Medium confidence
[low: confidence

Very low! confidence

At least 9 in 10
8in 10

5in 10

21in 10

Less than 1 in 10



Globall Climate Change

There isino Ionger alny: ] Global Surface Temperature 1850-2006
scientific doubt that the |
Earthis average surface

temperature Isfinereasing
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= 1.3°F inl last century
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s Recent decades warmer than
any comparable; period in last
400 years (possibly: much' lenger)

Ocean temperature, Ice and SAewW! Cover, and! seallevel
changes consistent with this glebal warming

s, Sea level up 7 inches in 20 century.
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Greenhouse Gas Concentrations

Carbon dioxide
concentrations (361 ppm)
are new more than 35%
nigher than pre-industrial
levelsi (280 ppm)

Very likely exceeds the
ighest natural
CONcentrations; over at
least the;last several
nMundred theusand years
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400 Thousand Years of
Atmospheric Carbon Dioxide Concentration
and Temperature Change
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CO; concentration from
Mau aLoa Observahons
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400 350 300 250 200 150 100 50 0
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Data Source CO2: ftp./icdiac.oml.govipubltres nds!:.oZNos ok icecore.co2
Data Source Temp: Ilpodsacesd I goviftpitrendsitemp/vostok/vostok. 1999 temp.dat

Graphic: Michael Emst, The Woods Hole Research Center



Causes ol Recent Climate Change

There is very high confidence that human-generated
INCreases N greenhoeuse gas, concentrations are
iesponsible for most of the glebal warming observed
during the past: 50 years

It 1S venry: unlikely: that natural climate variations alone,
suchrasi chianges; ini the brightness; of thesun, have
produced this recent warming
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Causes of climate change

- models using only natural forcings — Ohservations

models using both natural and anthropogenic forcings
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Western US Climate Change

Most off the:western US is warming faster than the global average

Other climate trends across most of the Western; US in the past 50
years include

= llonger frost=free; growing, seasen

Earlier and warmer spring

Earlier flower blooms andlleaf out for severall plant species

Earlier spring| snowmelt and! runofi:

Grieater firaction off spring precipitation; fialling  asi rainf instead of: Snow.
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Utah Climate, Change

Utah Temperature (°F) 1895-2006

|last decade was 2°F warmer' B
than the; 100 year averade

SNEW! SURVEYSI SHOW! Ne; Clear
long-termi (801 year) trend in | |
MOoURtain SAowpack 6 00w w D © ow oo ow ow o
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Tihere is no clear linkage; between recent globall warming
and precipitation within: the basin of the Great Salt Lake
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Climate Model Scenarios

Future Greenhouse Gas Scenarios
3xC02
2.5xC02
2xCO2
Set @ 2000

Preindustrial
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Climate Model Projections

Climate Commitment
Continued climate change
will take place over the
next several decades as a
result of prior greenhouse
gas emissions

Global Surface Warming (°F)

Ongoing greenhouse gas
emissions at or above
current levels will very

likely produce global
temperature, sea level,
and snow and ice changes
greater than those
source: IPCC (Meehl etjal. 2007) observed during the 20th
century

8/1/2007 12



Projected Temperature Change

Geographic Warming Pattern (°F) for 2.5xC0O2

Greaterwarming
= In the Arctic
= Over land than ocean
s In winter than summer

It ysyikely tiat Utainwill
wali more tiiarn. the
global‘average

Source: IPCC (Meehl et al. 2007)

0 1.8 3.6 54 7.2 9.0

Srlcg'(e)cted warming fior Utah (2.5%C02 scenario)) Is; 8k oy

s Comparable to the present diffierence in annual mean
temperature between Park City (44°F) and Salt Lake City (52°F)
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Projected! Precipitation Changes

Less confidence in Sk
Precipitation 2
DIFOjECtioNS

Mid anathigh
latitudes wetter

75-60-45-30-15 0 1530456075
Drier Wetter

Most off subtropics, drier

Utah in the transition zone
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Projected Sea Level Change

It s/ likely: that seal level will continue; to
fiSe at rates at or abeve thoese ehserved in
the 20th century,

s Models project 7-23' inches by 2100 based
only.on thermal expansion

= Shrinking off Greenland/Antarctic ice sheets a
wildcard
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Catastrephic Climate Change

Tihere is no: universally: accepted definition ofi
catastrophic climate change

We: Used “abrupt™ climate cnange; or al situation Where
We are committed to alarge future rise In sea level

Consensus, has Vet to emerge; on Where the “tipping
POINtS™ for catastiophic; climate change; exist

Identiiying these tipping points Is ani Important scientific
problem
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Utah Shewpack and RUnof

Ongoing Pr_eenhouse gasiemissionsiat o' above Curfent
levelsiwillFlikely resultiinia decline infUtah’s mountain
SNOWpPACck and associated changes) to; spring runofif

Expected trends

s Reduced naturall snewpack and: snewiall fior the winter
recreation industry inithe early: and late winter

s Earlier and less intense spring runoff for reservoir recharge

s Increased demand for agricultural and residential irrigation

s Warming off lakes and rivers with impacts such as increased algal

abundance and upstream shifts of fish habitat
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Utah Water Supplies and Drought

It I1s more likely than; not, that water supplies in
Utahiand the Colorade: River Basin willFdecline
duringl the 21st century:

= More definitive; projections not possible at the present
time

The threat off severe and prolenged drought fiar
worse thani observed in the 20 century. IS real
and ongeing

s Megadroughtsi have occurred ini the past
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Utah Agriculture

Based solely on climate change, per-acre crop
%/IE|C|S in Utah will“likely: increase oniirrigated
lelds provided

s \Water remains available for irrigation and

s [[lemperatures do not Increase Deyond crop) tolerance
levels

Pasture yields and livestock forage will likely:
decline on non-irrigated fields
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Other' Utah Impacts

Great Salt lLakes: Declines infmountain saowpack will
ikely/lead torlower average:lake levels and increasead
average salinity Unlessi average; Winter' precipitation
INCreases; dramatically;

Human Healths Increasedl ground-levell ozone
concentrations and asseciated: cardio-respiratory, disease
- nen-climatic factors (e.g., Emissions) do not change

Wildfires Infisolation, expected climate change;is likely to
contribute tor drier conditions and increased wildfire
IRtensity;
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Future Assessments

Uttah' lacks' a coherent program that integrates) scientists
andl stakeholders to better understand, menitor and
assess| climate cliange; and its Impacts

We recommend establisning SUch a program to
s [dentify future econemic opportunities

x [mprove mitigation
s Betterinform policy options and! their implications fier Utah

POSSibler Sectors off interest

s Water resources
Particularly important giveni our unigue climate

s Winter recreation industry:
= Agriculture
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Final Steps

Previde comments fior readability and
clarity,

Report revision by science panel
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BRAC Outline

Proposed Outline for Climate Science Report
Draft: Janmary 4, 2006

. Spurces to be hmuted fo peer-reviewed scientific publications such as:

a. UN Intergovernmental Panel on Climate Change

b. National Academy of ScienceNational Research Coumeil
c. Science end other peer reviewed sclence journals

o, e —————— i ——— =ere

2. Current evidence of climate change, what is known and generally agreed to/where 13
there 15 the greatest uncertamty and evidence 15 disputed:

a. Average temperature nse, record high tenp®atures

b. Changes in global ice cover, melndng Aretic and Antarctic sea o2, Greenland
and other land-based ice sheets and glaciers

c. Increased frequency and seventy of hurmicanes

d. Changes m species’habitats associated with climate change

2. Droughzs, ramfall. and other major changes in climate

3. Climate models and projections about fiure climate™hange:

Long-term tengperature trends and projections

Projected changes in ocean temperature, sea level rise, ocean circulation
Projected changes in global weather. rainall, and storms

Impacts on human health, dizease

Tmpacts on agnieulture, soils, food production

Tmpacts on bodiversity

Feedback loops, tipping pemis, and the threat of catastoploe climate change

Mmoo

4. Specific mpacts of climate change on Utah and the West:

a. Forest fires, soil drought, and temperature increases
b Dromghts, snowpack, ramfall. and water supply
c. o ) ) soninis : .

Sources restricted to peer-reviewed
scientific articles and panel reports

Added section discussing if climate
change is natural or human caused

Added section on recent climate
change in Utah

Benefit discussion left to BRACQ p



Other Projected Impacts

Negative health efifects expected to outweigh pesitive ones,
particularly in developingl countries

Crop: productivity: willflikely increase slightly: in: mid to, high latitudes
for local temperature increases ofi less than 2-5°F

Crop productivity isi projected tordecrease in the low: latitudes even
for small temperature increases

20-50% of all'fknownrplant and: animal species will be; moere
vulnerable terextinction
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Other Global Climate Trends

Mean sea level rose 7 inches in Sea Level Change (inches)
the 201 century

Shrinkage; off mountain glaciers, ice
caps, and the Greenland ice sheet
responsible for 35-40% of the rise

Slnce 1993 Source: Bindoff et al. (2007)
1880 1900 1920 1940 1960 1980 2000

Littleror'no long term trend. in the average aumber ofi tropical
cyclenes per'year

Increasing financial losses firom hurricanes due to) the ever-growing
concentration’ of population; and development in' coastal regiens
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Species and habitats

It IS very likely that earlier warming Ini the springris
strongly’ affiecting plants, animals, and Insects

s Earlier greening of grasses and trees, flowering of plants,
migration of birds and' Insects, etc.

ihere is very high confidence that the ranges off Some
plantsiand animalst have meved toward the poles or
towards higher elevations
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Einal Outline

EXEcutive summary
Introduction

Consensus view: of global climate change
s Evidence offa warming Earth
a [s recent warming naturall er AUman caused?

s Other recent climate; trends
Droughtsiand rainfall
Sea levell rise
Glaciers, ice; caps andl sheets;, and sea Ice
Hurricanes and tropicall cyclenes
Species and habitats
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Einal Outline

Climate change in the Western United States and Utah

Proejections of future climate change
s Overview: of climate models
s Strengthsiand limitations off climate; medels
s Future greenhouse gas! Scenarios

s Projected changes
lemperature
Rainfialll, storms, and weather
Sea level
s Projected impacts
Human healthrandidisease
Agriculture and feod production
Biediversity:
s [Feedbacks, tipping points, and catastrophic climate change

8/1/2007
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Einal Outline

Climate change and impacts onl Utah
= Impacts on snowpack, water supply, and drought potential
s [mpacts on the Great Salt [-ake
s Impacts on agriculture
= [mpacts on human health
s Impacts on forests;, wildlands, and wildfire
= Impacts on soils

Impreving assessments off climate change Impacts
Appendix A: Team members

Appendix B Scientific confidence and Uncertainty,
Refierences
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